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Abstract Nectar-feeding birds are important pollinators
in fire-prone regions of the world, but the impact of fires on
these bird communities has seldom been studied. Nectar-
feeding bird communities were censused during peak
flowering, before and after fire in the Cape fynbos of South
Africa. The abundance and species richness of nectar-
feeding birds decreased at all sites. In a controlled exper-
iment, two common bird-pollinated plants, which flower
profusely after a fire, were presented in floral arrays in
burnt and unburnt vegetation. Birds visited flowers only in
the unburnt areas. The results are surprising given the large
number of bird-pollinated plants that have fire-stimulated
flowering.
Keywords Chasmanthe  Nectarinia  Promerops cafer 
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Zusammenfassung
Weniger Blütenbesuche Nektar fressender Vögel nach
Buschfeuern in der Kap-Fynbos Vegetation Südafrikas
Nektarfressende Vögel sind wichtige Bestäuber in Regio-
nen, die häufigen Feuern ausgesetzt sind. Dennoch wurde
der Einfluss von Feuer auf die Gemeinschaften dieser
Vögel nur selten untersucht. Erhebungen von Gemein-
schaften Nektar fressender Vögel wurden vor und nach
Feuerereignissen im südafrikanischen Kap-Fynbos durch-
geführt. In allen untersuchten Gebieten waren Anzahl und
Artenreichtum der Vögel nach dem Feuer geringer. In
einem kontrollierten Experiment wurden zwei von Vögeln
bestäubte Pflanzenarten, die nach Feuerereignissen stark
blühen, in abgebrannter und in nicht von Feuern betroffener
Vegetation angeboten. Die Vögel besuchten nur jene
Blüten, die in der nicht abgebrannten Vegetation angeboten
wurden. Dies ist ein überraschendes Ergebnis, da das
Blühen in vielen von Vögeln bestäubten Pflanzen durch
Feuer stimuliert wird.
Introduction
Fire is an integral and essential component of the ecology
of fynbos vegetation in the Cape Floristic Region (CFR)
of South Africa (van Wilgen 1981, 1982; Cowling 1992).
Research on the ecological role of fire has focused mainly
on the effect of fire on plants, while considerably less
attention has been paid to the effect of fire on animals and
animal–plant interactions (Pyne 1997). In particular, the
dearth of information on pollinator responses is a concern
(Parr and Chown 2003).
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About 4% of plants in the CFR are dependent on birds for
pollination, and a large number of these plants, particularly
the geophytic monocotyledons, flower abundantly after fire
removes the overstory of dominant shrubs (Johnson 1992;
Rebelo 2001). Ironically, the small number of studies that
have considered the impact of fire on birds in the CFR have
found that the nectar-feeding bird guild, i.e. sunbirds
(Nectarinidae) and sugarbirds (Promeropidae), suffer
greater declines than other bird guilds after fires (Fraser
1989; Fraser and McMahon 1992). Taken together, these
observations suggest that bird-pollinated plants flowering in
a post-fire landscape might suffer severe pollinator limita-
tion (Fraser 1989; De Swardt 1993; Pauw 2004).
Here, we investigate the effect of fire on the species
richness and abundance of nectar-feeding birds and the rate
of bird-pollination. We use two approaches: (1) a com-
parison of bird communities in marked plots before and
after a fire; and (2) a comparison of pollinator visitation in
bird-pollinated plants that were transplanted between burnt
and unburnt sites.
Methods
Pre- and post-fire bird observations
We recorded nectar-feeding bird abundance and richness at
six sites in the Cape Floristic Region of South Africa
(Table 1). All specialist nectar feeders (i.e. Nectarinidae
and Promeropidae; see ‘‘Results’’) were included in the
census, while facultative nectar feeders, like Cape White-
eyes (Zosterops virens) and Cape Weavers (Ploceus cap-
ensis), were excluded. Pre-burn sites were dominated by
dense stands of 2-m-high, bird-pollinated Protea shrubs,
except for the Jonkershoek firebreak site where Protea
individuals were more sparsely distributed. The six sites
were burned in two fires that occurred in Jonkershoek in
February 2009 and on Paarl Mountain in March 2009. Post-
fire vegetation consisted of Protea and other seedlings, as
well as resprouting bushes. The vegetation was about 30 cm
high inbetween the skeletons of fire-killed Protea shrubs.
The point count method was chosen as the most
appropriate for determining relative densities of nectar-
feeding birds before and after the fire (May–July 2007 and
June 2009) (Bibby et al. 2000; Johnson 2008). During point
counts, all nectar feeding birds within 25 m from the
observer were counted. In combination with 20-min
observation periods during early mornings when avian
nectarivores are most active (Fry 2000), this is a good
approximation of nectar-feeding bird activity (Geerts
2011). Rainy and very windy days were avoided.
Birds are more conspicuous in open vegetation and this
will bias our results against the expected outcome of higher
richness and abundance in unburnt vegetation. Differences in
nectar-feeding bird richness and abundance before and after
the fires were compared with a Wilcoxon matched-pairs test.
Inflorescence transplants between burnt
and unburnt sites
Three areas that burnt during the February 2009 fire were used
for a transplant experiment in July–September of the same
year (Jonkershoek, 335801500S, 185504700E; Brandwacht,
335701700S, 185204900E; Dornier, 335902200S, 185301200E).
Each site consisted of many square kilometres of burnt veg-
etation but each site was approximately 4.5 km from the next
nearest site. Two Iridaceae species, Chasmanthe floribunda
(Salisb.) and Chasmanthe aethiopica (L.), were used in the
experiment because they were in full bloom, flower most
profusely in the years after a fire, and are known to be visited
and pollinated by sunbirds (Geerts and Pauw 2009a). C. flo-
ribunda is capable of autonomous selfing but sunbird visita-
tion increases seed set significantly whilst C. aethiopica is
autogamous (Geerts 2006; Van Kleunen et al. 2008).
C. floribunda was used at all sites; C. aethiopica was
used only at one site (Brandwacht). Each of the three study
sites was located at a border between burnt and unburnt
vegetation. Four pairs of study plots were marked at each
site. The members of each pair were 200 m apart with the
border between burnt and unburnt vegetation halfway
between them.
Between 10 and 15 inflorescences of either C. floribunda
or C. aethiopica, each bearing 5–10 flowers, were collected
and placed in water-filled test tubes. The test tubes were
secured together in a punctured cardboard tray. This floral
array was moved among plots and observed in each for a
Table 1 Study sites and dates
of nectar-feeding bird
observations before and after
the fires in Jonkershoek
(February 2009) and on Paarl
Mountain (March 2009)
Site Before After GPS Coordinates
Paarl Mountain 1 2007/06/29 2009/06/12 3345056.500S, 1856075.200E
Paarl Mountain 2 2007/06/29 2009/06/12 3344017.900S, 1857019.200E
Jonkershoek Swartboskloof 2007/05/15 2009/06/20 3359023.600S, 1857018.200E
Jonkershoek Panorama trail 2007/05/15 2009/06/20 3359054.200S, 185806.0500E
Jonkershoek dam 2007/07/02 2009/06/20 3358040.600S, 1856041.500E
Jonkershoek 2007/05/15 2009/06/20 3359025.600S, 1857018.500E
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30-min period. Burnt and unburnt plots in a pair were
observed in succession following a randomly allocated
order. For C. floribunda, sampling at all three sites was
repeated on three separate days for a total of 9 sampling
days, whilst for the one C. aethiopica site, sampling was
conducted for 2 days only. All observations were done in
the morning.
All sites were grouped together and days were assumed to
be independent replicates because there was a high level of
temporal variability in bird visitation rate (however, insuf-
ficient data points to compare days statistically). Thus, the
final numbers of pairs used in the tests were: nC. floribunda = 4
plots 9 3 sites 9 3 days; nC. aethiopica = 4 plots 9 1
site 9 2 days. Total observation time equalled 44 h (divi-
ded equally between burnt and unburnt plots). Because the
data were not normally distributed and due to the many zeros
in the dataset, the significance of differences in visitation
rate was assessed using nonparametric Wilcoxon matched-
pairs test. All analyses were conducted using Statistica 9.0
(StatSoft 2009, Tulsa, USA).
Results
Pre- and post-fire bird observations
We observed the following nectar-feeding birds: Cape
Sugarbird (Promerops cafer), Malachite Sunbird (Nectari-
nia famosa), Southern Double-collared Sunbird (Cinnyris
chalybea) and the Orange-breasted Sunbird (Anthobaphes
violacea). Species richness of nectar-feeding birds showed a
near significant decline after a fire (Wilcoxon matched-pairs
test, Z = 1.89, n = 6 pairs, P = 0.06; Fig. 1a). Nectar
feeding bird abundance was significantly higher before
compared to after a fire (Wilcoxon matched-pairs test,
Z = 2.2, n = 6 pairs, P = 0.028; Fig. 1b).
Inflorescence transplants between burnt
and unburnt sites
A total of 187 bird visits were recorded for the two flow-
ering species combined. Orange-breasted Sunbirds were
the most frequent visitors and responsible for 66.8% of the
visits. Malachite Sunbirds (24.1%), Southern Double-col-
lared Sunbirds (0.5%) and Cape White-eyes (8.6%) were
less frequent visitors. Cape White-eyes were excluded in
our analysis as they consistently rob Chasmanthe flowers
without pollinating (Geerts 2006). No sugarbirds were
observed visiting the flowers. Sunbird visitation was sig-
nificantly higher in the adjacent unburnt vegetation for both
C. floribunda (Wilcoxon matched-pairs test, Z = 2.37,
n = 7, P = 0.018; Fig. 2a) and C. aethiopica (Wilcoxon
matched-pairs test, Z = 2.02, n = 5, P = 0.043; Fig. 2b).
Discussion
Nectar-feeding bird abundance decreased significantly in
post-fire vegetation whereas species richness showed a near
significant decline. Floral arrays within unburnt vegetation
were visited by nectar-feeding birds whilst arrays in burnt
vegetation received no visits. Together, these results sug-
gest that nectar-feeding birds show a strong preference
towards unburnt habitat. This result complements the
observation by Fraser and McMahon (1992) and Fraser
(1989) who found that the abundance of nectarivorous
birds declined more than any other feeding guild after a fire
in fynbos vegetation. Our study builds on these findings by
showing that flower visitation declines in unison.
Increased raptor predation due to limited hiding places
might explain why nectarivores avoid burnt areas. How-
ever, the relatively low density of nectar plants in early
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Fig. 1 Comparison of specialist
nectar-feeding bird richness
(a) and abundance (b) between
pre- and post-fire vegetation for
25-m radius, 20 min. point
counts (n = 6 before–after
pairs)
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important factor (Johnson 1992; Geerts 2011). A strong
association between nectar availability and the abundance
of sunbirds and sugarbirds has previously been documented
(Geerts and Pauw 2009b; Le Roux et al. 2010).
Surprisingly, a number of bird-pollinated plant species
flower most profusely in recently burnt vegetation. Most of
the members of the genus Cyrtanthus, the fire lilies, have
features suggestive of bird-pollination and yet flower within
a few weeks after a fire. Likewise, many bird-pollinated
species in the genera Gladiolus and Watsonia flower most
prolifically in the first spring after a fire, and flowering
declines as succession proceeds (Cowling 1992; Bond and
Van Wilgen 1996). The apparent contradiction of bird-pol-
linated, fire-simulated flowering can potentially be resolved
if the benefits of enhanced seedling establishment in a post-
fire landscape outweigh the cost of pollen limitation.
Fire occurs as a natural disturbance in fynbos plant
communities but the current fire frequency is probably
higher than historical levels due to an anthropogenic
increase in sources of ignition potentially coupled with
climate change (Bond and Van Wilgen 1996). The results
of this study suggest that an elevated fire frequency, which
maintains vegetation in an early successional stage, will
have a strong negative effect on nectarivorous bird abun-
dance and the pollination rate of bird-pollinated plants.
Interestingly, the opposite is true for certain insect-polli-
nated plants, notably oil-secreting orchids. Pollination rate
in these orchids peaks in the first year after a fire and
declines sharply as succession proceeds (Pauw 2007).
These examples suggest that different pollination guilds
might differ in their response to fire.
It is clearly essential to improve the understanding of how
different pollinator guilds respond to fire. In particularly
nectar-feeding birds, with their severe decrease in post-fire
environments deserve more attention. Future studies should
focus on nectar-feeding bird movement patterns in relation
to fire and aim to determine at what successional age
adequate resource levels are achieved to sustain the entire
nectar-feeding bird community. Long-term studies to
address these questions are imperative (Parr and Chown
2003; Jacquet and Prodon 2009), but as a short-term alter-
native, chronosequence comparison (a space-for-time sub-
stitution) can be used by sampling vegetation at different
successional stages (Foster and Tilman 2000). In conclusion,
effective fire management requires an understanding, not
only of individual species responses, but also of how inter-
actions among species change in response to fire.
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